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(54) Protease for activating dotting factor VII 

(57) A protease for activating the blood clotting fac- 
tor VII is described, wtiich 



a) is inhibited by the presence of aprotinia 

b) is inaeased in Hs activity by caldum ions and/or 
heparin or heparin-related substances, and 

c) in SDS-PAGE, on 8ut)sequent staining in the 
non-reduced state, has one or more k)ands in the 
molecular weight range from 50 to 75 kDa and kDa 
in the reduced state has a band at 40 to 55 kDa and 
one or more bands in the molecular weight range 
from 10 to 35 kDa. 



The proenzyme of this protease is also character- 
ized. Moreover, a process for obtaining this protease 
and its use in hemorrhage prophylaxis or hemostasis is 
desabed. A stabilized factor V and a stabilized factor 
VIII preparation are furthermore described which are 
free of the inactive factor VIII fragments formed t>y pro- 
teolytic degradatk>n as a result of the inhibition or the 

^ removal of the protease activating the blood ctotting fac- 

< tor VII. 
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Description 

[0001 1 The invention relates to a protease for activating the blood clotting factor VII. to a process for isolating it. detect- 
ing it and inactivating it, and to medicinal preparations which comprise this protease. 
5 [0002] The t)lood dotting system comprises two different, cascade-like pathways for activating dotting factors which 
are present in the plasma. The intrinsic or the extrinsic pathway is preferentially used for initiating dotting, depending 
on the triggering mechanism. 

[0003] When a tissue is damaged, thromboplastin (tissue factor, TF with phosphdipicte) is exposed by tiie affected 
cells as the starter of the extrinsic dotting pathway. The membrane-located thromtxsplastin can bind both dotting fador 

10 VII (FVII) and drculating, activated FVII (FVIIa). In the presence of caldum ions and lipids. 1h^ TF-FVIIa complex leads 
to the binding of FX. which is converted into its activated form (FXa) by limited proteolysis. FXa in turn leads, by acti- 
vating prothrombin to form thrombin, to the formation of fibrin and ther^ ultimately to closure of the wound. 
[0004] While the further activation of the thromboplastin-bound FVI I initially takes place autocatalytically. in particular, 
it is supported, after the dotting cascade has been initiated, by FXa and thrombin, in particular, leading to mari^ rein- 

IS forcement of the reaction cascada 

[0005] TTie administration of FVlla or FVlla-containing concentrates is indicated in certain dinical situations. The so- 
called FVlli-t>ypa8Sing activity (FEIBA) of FVlla Is used in patients who are suffering, for example, from henfKjphiGa A 
and have developed antibodies against FVIII as a consequence of the administration of FVIIl. According to presentiy 
available fincfings, FVlla is well tolerated in this context and, while it does not lead to any tendency to thrombosis, it is 

20 suitable for ensuring that clotting takes place to a limited but adequate extent. Recombinant FVlla is already being used 
therapeutically and prophylactically. FVII which has been isolated from blood plasma can also be activated and then 
used. Proteases such as thrombin can be used for this activation; however, these proteases^ as such, can themselves 
strongly activate clotting and lead to the risk of a thrombosis. For ttiis reason, subsequent removal or inactivation of 
thrombin is necessary and leads to yield losses. As a result of the risk of thrombosis which is assodated with it. the use 

2S of FXa or Flla (thrombin) is frequentiy contraindicated and only uKticated in emergendes. e.g. in association with 
extreme loss of blood and unstaunchable hemonhages. 

[0006] FVlla is found in very low concentrations in the plasma of healthy subjects. Only very litde is so far known about 
the formation and origin of FVlla which is drculating in the blood. Traces of thronrtxsplastin which has been expressed 
or released in association with cell destruction might play a role in this context. Although it is known ttiat factor Xlla. for 
30 example, can lead to FVII activation under certain conditions, the physiological relevance of this reaction has not yet 
k>een clarified. 

[0007] Surprisingly, a FVII-activating protease, whfoh differs from all tiie previously known proteases, has now been 
found in connection with fractionating human plasma and certain prothronrt)in complex concentrates. Investigations into 
this protease have shown that it exhibits a particulariy high amidolytic activity toward the peptide substrate 82288 (HD- 

3S isoleucyt-L-prolyi-L^ginine-pNA) from Chromogenix AB, Sweden. A particular feature of this protease is that tiie ami- 
dolytic activity is eff idently inhibited by aprotinin. Other inhibitors, such as the antithrombin lll/heparin complex, are also 
suitable for the inhbition. On the other hand, its activity is increased by heparin and heparin-related substances such 
as heparan sulfate or dexkran suHate and caldum fons. Finally, it has been found that this protease is able, in a manner 
dependent on time and on Hs concentration, to convert FVII into FVlla This reaction, too, is inhibited by aprotinin. 

40 [0008] Part of the subject matter of the invention is therefore a protease for activating the bfood dotting factor VII, 
whk:h 

a) is inhibited by the presence of aprotinin. 

45 b) is inaeased in its activity by cafoium fons and^or heparin or heparin-related substances, and 

c) in SDS-PAGE, on subsequent staining in the non-reduced state, has one or more bands in the molecular weight 
range from 50 to 75 kDa and kDa m the reduced state has a band at 40 to 55 kDa and one or more bands in tiie 
molecular weight range from 10 to 35 kDa 

so 

[0009] In the fdlowing text, the activated form of the protease is termed "protease" whereas the non-activated form is 
termed "proenzyme". 

[0010] Further investigations with this protease have shown that, after enriching or isolation, it suffers from a rapid 
loss of activity, which was observed in a solution containing 20 mM trie. 0.1 5 M NaCl at a pH off 7.5. TTie addition off albu- 
55 min at a concentration of 0.1% was not able to prevent tiie activity of the protease from decreasing by 50% after one 
hour at room temperature. On the other hand, very good stabilization of the protease was observed in a solution which 
was buffered to a pH of 6.5 with 50 mM Ma citrate. If no particular stabilizers are added to the protease solution, no, or 
only slight, fosses in activity are observed if the solution is adjusted to a pH of between 4 and 7.2, preferably to a pH of 
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between 5.0 and 7.0. HGwever, it is expedient to add stabilizers to ttie solution, with suitable stabilizers, apart from cit- 
rate, being, In particular, glutannate, amino acids, such as arginine, gtydne or lysine, calcium Ions and sugars such as 
glucoset arabinose or mannose in quantities of 1-200 mmol/l. preferably In quantities of 5-100 mmol/l. Efficient stabili- 
zation was also achieved by adcfing glycols such as ethylene glycol or glycerol, with quantities of 5-80% by weight, pref- 

5 erably of 10-60% by weight, being used. The pH of the stabilized solution should then be between the pH values 4-9. 
[001 1 ] While the novel protease, and also the proenzyme, can be obtained by recombinant DNA methods or by pro- 
duction in e.g. the milk of suitable transgenic animals, they can in particular be obtained by fractionation of blood plasma 
or of protiirombin complex (PPSB) concentrates. The starting material Is then first of all subjected to an anion exchange 
chromatography, which is followed by an affinity chromatography of the eluate. A heparin which is immobilized on a 

10 matrix, or a heparin-related sut)stance such as heparan sulfate or dextran sulfate, is particularly suitable for the affinity 
chromatography. When such a (^omatographic method is used, the novel protease and/or the proenzyme can be 
selectively bound and then eluted once again using known methods. The use of a spacer is advisable for ooupGng the 
ligand to the matrix. A heparin-lysine matrix has been found to be particulariy suitat>le for isolating the novel protease. 
[0012] In SDS-PAGE with sut)sequent staining the protease which h^ been isolated by this method exhibits, in the 

IS non-reduced state, one to several bands which lie closely together in the molecular weight range of 55-75 kDa. Follow- 
ing reduction, one to several bands were observed in the molecular weight range of 15-35 kDa and one band was 
observed at 40-55 kDa. A further band between 60 and 65 kDa. which, after scanning and quantitative evaluation, con- 
stituted 5-10% of the total protein, showed that non^ctivated proenzyme was also present. This result was supported 
by appropriate investigations using monoclonal antibocfies against this protease. It was therefore concluded that the 

20 proenzyme of tiiis protease can also be prepared, pasteurized and used by the method according to the invention. Part 
of the subject matter of the invention is therefore tiie proenzyme of the protease for activating blood dotting factor Vll. 
The proportion of the proenzyme is incficated by the band between 60 and 65 kDa. Conresponding to the amino add 
sequence which constitutes the activation region of the proenzyme, thronnbtn, kaflikrein or FXIIa are, in accordance with 
their substrate specificities, examples of suitable pfrysiological activators of the proenzyme 

25 [0013] Some of tile properties of the novel protease which have been descrbed, namely the fact that it ca^ 

from plasma or from prottirorrt^in complex (PPSB) concentrates which are derived from plasma, the inhibition of its ami- 
dolytic activity by aprotinin and the described migration behavfor in SDS-PAGE, both in the reduced and in the non- 
reduced states, are reminiscent off a protease which was isolated by Hunfeld et al. (Ann. Hematol. 1 997; 74; A87. 113; 
Ann. Hematol. 1998; 76; A101 . P294 and Etscheid et al, Ann. Hematol. 1 999, 78: A42) from a PPSB concentrate which 

30 was not defined in any wore detail. In that case, ttie preparation was essentially achieved using an aprotinin matrix. As 
a result of tiie amiddytic deavage of certain peptide substrates, the activity was described as being a thrombin-like 
activity. Hunfeld et al. did not find any influence on gfobal dotting parameters such as prothrombin time, Quick or plate- 
let aggregation. 

[0014] The N-terminal sequendng of ttie protease described by Hunfeld et at. shows concordances with a protein 
35 whose cDNA was descrtoed by Choi-Miuraetal. (J. Biochem. 119: 1157-1165(1996)). In its primary structure, ttie cor- 
responding protein exhibits homdogy with an enzyme termed hepatocyte growtti tactor activating enzyme (HQFA). 
[Q01 SI When two bands which were isdated from SDS-PAGE under redudng conditions were sulsjected to N-terminal 
sequencing, ttie ffoUowing concordances were established: 

40 



so 



MIolecularweigttt range 
of the band 


Amino acid sequence 


Author 


10-35 kDa 


lYGGFKSTAGK 


present invention 


30 kDa 


lYQGFKSTAG 


Hunfeld et al. 


17 kDa 


lYCSGFKSTAGKH 


Choi-Miura et al. 


40-55 kDa 


LLESLDP 


present invention 


50 kDa 


SLDP 


Hunfekl et al. 


50 kDa 


SLLESLDPWTFD 


Choi-Miura et al. 



ss [001 6] Concordances are also found in ottier test results such as substrate specificity and the ability of ttie activity to 
be inhibited. Despite this, it is still not possible at present to assume with confidence that these proteins are identical. 
At any rate, the previously investigated, abovementioned protdns have not been reported to possess the property off 
activating FVII or activating ottier factors (see t>ek)w). 
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[001 7] On the basts of rts described properties, ttie novel protease can be used diagnostically and therapeutically. 

1. Test systems using the novel protease 

5 [0018] The novel protease can be used diagnostically in test reagents. Thus, the presence of factor VII can be deter- 
mined qualitatively and quantitatively in a clotting test by adding the novel protease. 

[0019] Conversely, the test system developed for measuring FVII activation can also be used for detecting and quan- 
tifying the protease. For this, a solution containing the protease is mixed with an FVII-containing solution and, after an 
appropriate incubation time, the resulting quantity of FVIIa is quantified. This can be carried out, for example, using the 
10 Stadot® FVIIa-rTF test (Stagc/Boehringer Mannheim). When a preferred procedure is used, this test is not limited by 
the FVII concentration supplied. If the quantity of protease in the form of the proportion of total protein is known, which 
proportion can be determined 

- in a pure protease preparation, by means of the l^eldahl method or by means of another protein assay with which 
IS the skilled person is familiar, or 

- using an antigen test, for example based on specif k: antibodies and an appropriate imnrunochemical detennlnation 
method such as ELISA, the specific aclivty of the protease preparation can then be measured in a corresponding 
manner. 

20 

[0020] Surprisingly, a property has now been found, in association witii characterizing the protease further, which 
makes it possible to carry out an additional determination method. In association with incubation of the bfood ctotting 
factors VIIIA/illa and VA^a with sakJ protease, and subsequent quantifnation. it became dear that sakJ dotting factors 
are inactivated in a manner which is dependent on the protease concentration and on tiie length of the incubation. 

25 [0021 ] Another part of the subject matter of the invention is therefore a novel test system for qualitatively and quanti- 
tatively deteding the protease which activates blood clotting factor VII, in which system the protease can be determined 
by its action inactivating the blood dotting factors Vlll/Vllla or V/Va. This test system is based on a solution containing 
the protease being Incubated with factor Vlll/Vllla or factor V/Va and the remaining quantity of factor Vlll/Vllla or the 
remaining quantity of factor V/Va being measured by means of a conventional activity test and the amount of protease 

30 then being quantitatively determined from this ty conparison with a starxlard curve. In carrying out this test, tiie incu- 
bation of the protease activity is inhibited, after predetermined periods of time, by tiie limited addition of aprotinin. which 
has the advantage that it has no effed, at these concentrations, on the subsequent measurements of the test system. 
/Vfter that, tiie remaining activities of the dotting factors are measured by means of a test which is femiliar to the skilled 
person. For this, a test system has, in particular, proved its worth in which use is made of the so-called Coamatic® fac- 

3S tor VIII test (Chromogenix AB), which essentially contains factors IXa and X, with the resulting amount of FXa being 
quantified, in the presence of a thrombin inhibitor, by means of the conversion of a chromogenic sul>strate (see last third 
of page 2). This amount is in turn proportional to the quantity of FVlll or FVllla. Deterrraning the resklual f=Vlli activity 
then makes it possible to deduce the concentration of protease whk:h is present. 

[0022] The degradation of ttie FVIII/FVIIIa or the FV/FVa due to the proteolytic effect can be deariy demonstrated by 
40 SDS-PAGE. Depending on ttie time for which the protease is incubated, for example, with an FVlll concentrate, bands 
whteh are typical for FVlll disappear while other, new bands emerge or weak bands increase in intensity. /Vccordingly, 
the activity of the protease can also be correlated by quantifying ttie decreasing or increasing bands and consequentiy 
measured quantitatively, for exanple using a protease standard. The changes in the band intensities on ttie SDS-PAGE 
electropherogram or fbllowing ottier electrophoretic methods can be quantified, for example, using a scanner, witti 
45 which a skilled person is familiar, and ttie appropriate program. In addition to this, anti-bodies against said dotting fac- 
tors can be used for Western bfotting and employed for evaluation in ttie manner described. Antibodies whk:h specifi- 
cally detect ttie deaeasing bands or, in particular, ttie emerging bands are particularly suitable. In ttiis context, these 
antitxxlies can also be used for establishing other immunochemfoal tests such as an ELIS/\. 
[0023] The proteolytic inactivation which has been desaibed in ttie case of FVIII/FVIIIa is also observed when ttie 
50 protease is incubated witti factor V/Va. which exhbits a certain degree of structural homology witti FVlll. The degrada- 
tion can be monitored in suitable activity test systems and in SDS-PAGE/Western blotting. 

[0024] Despite ttie inactivations of FV and FVlll, it was now found ttiat adding ttie protease to blood, to platelet-rich 
plasma or plasma shortened ttie dotting times, tiiat is the procoagulatory effed predominated in various so^lled "glo- 
bal dotting tests". These test systems are understood as being, for example, ttie non-activated partial throrriboplastin 
55 time (NAPTT). the prothrombin time (PT) and ttie recateification time. Since ttie shortening of ttiese times, as meas- 
ured, for example, in so-called coagulometers, by means of thromboelastography or else in chromogenic tests, corre- 
lates with ttie concentration of a dotting-promoting substance, the concentration of ttie substance in a sample can 
conversely be deduced using a calibration curve of ttie dotting time. The concentration of the "FVII activator" can cor- 
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respondingly be determined using selected global clotting tests. 

[0025] It was also surprising to find that the "FVII activator" Is likevinse able to bring about effective activation of single 
chain urokinase (scuPA, single chain urokinase plasminogen activator) and single chain tPA (sctPA. single chain tissue 
plasminogen activator), that is can act as a plasminogen activator activator (PAA). The activity of the activated PAs can 
5 be measured, for example, using chronK3genic substrates. Accordingly, this property can therefore also be used for 
detecting and quantifying the "FVII activator. The activatk>n of the plasnvnogen activators can also be determined In a 
coupled reaction in the presence of plasminogen, either the formatkm of plasmin Hself or by the dissolution of a fibrin 
dot which is brought about l>y plasmin. 

[0026] In summary, therefore, it can be stated that the protease can be both detected and quantified by incubating it 
10 with a solution containing FVIll or FVllla and then determining ttie remaining quantity of FVIII/Vllla by means of a suit- 
able activity test. In ttie same way. or FVa can be incubated witii ttie protease and ttie remaining quantity of FV/f^a 
can subsequentiy be quantified. The unknown protease concentration can be determined quantitatively by comparison 
with a standard curve of increasing quantities of protease which is included in the test Various global clotting tests are 
likewise suitable for the quantif ication.'with the protease concentration being read off a calibration curve on the basis of 
IS the shortening of the clotting time. The PAA activity of the protease can also be used for determination purposes. 
[0027] Another feature of ttiese tests is tiiat ttie FV and FVIll inactivation and ttie PAA activity are displayed particu- 
larly well in ttie presence of adequately high concentrations of calcium, preferably > 0.001 mM. particularly preferably 
> 0.005 mM. ag. in the form of CaCla. In contrast to ttie direct chromogenic assay, in which, as has been described 
above, txjth heparin and heparirvlike substances and also calcium increase the protease activity, ttie inactivation of 
20 FV/FVlll is not promoted, or only promoted insignificantiy. by heparin. By contrast, ttie PAA activity is stimulated in ttie 
presence of both agents, ttiat is caldum and/or heparin or heparin-like sut)stances. 

[0028] The protease-mediated reactions can be very effidenfly dminished or prevented by incubating the protease 
with inhibitors, particularly antithrombin III in the presence of heparin or heparin-like sul>stances (preferably in tiie pres- 
ence of heparin). C1-esterase inhibitor. alpha2-antiplasmin. inter-alpha-trypsin inhibitor or known synttietic, low molec- 
25 ular weight protease inhibitorB such as Guanldinocaproic acid-para-ettioxy-carbonylphenylester wich is available under 
the trademark FOY® . These substances can ttierefbre be used for stopping the reaction, in order, for example, to define 
incubation times predsely or to increase the specificity of ttie test still furttier. Decreasing the free cateium ions in ttie 
mixture witti a chelating agent for example, can also be used for ttvs purpose. 

30 2. Stabilized preparations of fMor V and factor VIII 

[0029] The further task now ensued, from ttie above-descrbed observations concerning ttie proteolytic actions of ttie 
novel protease on ctotting factors V and VIII. of inhibiting ttie protease or redudng its activity in order to avoid k>sses of 
yield and ttie Ibmnation of what might possOsly be interfering protein fragments. This is all ttie more relevant since FV 
3S and FVIll are usually prepared from cryopredpitates which have been obtained from plasma and in the presence of cal- 
dum ions because the latter are required for maintaining protein conformations. 

[0030] Anottier part of the subject matter of ttie invention is ttierefbre a stabilized preparation of FV or FVIll which is 
free of the factor V a factor VIII fragments ibmned due to proteolytic degradation as a result of the fact that the protease 
activating the blood dotting factor VII is inhibited. Since more detailed investigations have shown ttiat inactivation of fac- 

40 tor V and factor VIM by said protease takes place particularly effidentty in the presence of caldum ion concentrations 
greater ttian 0.5 mM. ttie factor V or VIII preparation can be effectively stabilized if, for ttie inhibition of ttie protease acti- 
vating the blood dotting factor VII. the concentrations of caldum ions in ttie factor V or in ttie motor Vlll preparation are 
adjusted to less than 1 .0 mM, preferably to less ttian 0.5 mM. While the factor V- and factor Vlll-inactivating properties 
of ttie protease are markedly reduced at ttiese concentrations, ttie (^jantity of catetum tons is still suff ident for stabilizing 

45 the conformations of ttie FV and FVIll molecules. The abovementioned quantities of caldum ions should not be 
exceeded, not merely in ttie end product but also in the cryopredpitate itself and in ttie following purification steps. 
[0031 ] In accordance with the above-descrtoed affinity of ttie protease or ttie proenzyme for heparin and heparin-like 
substances, ttie protease/ttie proenzyme can be removed from the FVIll- or FV-containing solution by incubating witti 
immobilized heparin or ottier suitable immune- or affinrty-adsort>enls. Polydonal or monodonal antibodies, respective 

50 antitxxiy-fragments ttiat are useful in preparing the immune adsortsents are readily availat)le t)y techniques known in 
the art in using all or part of the protease or proenzyme as antigen. 

[0032] However, natural or synthetic protease inhibitors can also be employed, where appropriate in addition to 
decreasing ttie quantity of caldum ions, for preventing ttie proteolytic degradation of the FV or ttie FVIll. Proteins such 
as aprotinin. alpha2-antiplasmin, CI -esterase inhibitor or inter-trypsin inhSxtor may be employed as inhibitors. 
55 molecular weight substances which are known to the skilled person as synttietic serine protease Inhibitors can also be 
used in this context. Inhibitors, such as antittirombin 111. whose inhibitory potential is increased by heparin or hepari- 
noids can likewise be added. Thus, it has been found, surprisingly, ttiat while heparin on its own is able to increase ttie 
amiddytic activity of ttie protease towards small chromogenk; substances, it does not support inactivation of FV/FVlll. 
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3. Pharmaceuticals which comprise the novel protease 

[0033] The novel protease and/or its proenzyme can also be used therapeutically. 

[0034] They can be employed as a blood coagulating agent, either on their am or together with substances which 

5 increase the activity of the protease, such as heparin, or heparin-f elated suljstances. such as heparan sulfate, aixl/or 
calcium Ions, with it being possble additionally to add factor VII as well, in its inactive form, to this agent. The use of 
such an agent, in which hs FVIII-bypassing activity (FEIBA) is exploited, for exanrple. can be indicated when intoler- 
ances exist toward FVIII and/br FIX and/or FXi and/or the contact phase proteins, such as FXII. for example on account 
of the presence of antibocfies, or when other types of defidency situation exist. In this connection, the FVII can be acti- 

10 vated either in vitro, in the plasma, in enriched fractions or by acting on purified FVII. It is also possible to use the novel 
blood coagulating agent ex vivo for general hemorrtiage prophylaxis or for staunching hemorrhages. 
[0035] On the other hand, the observed inhibition of the novel protease by aprotinin or the abovementioned inhibitors 
can be used for developing an agent which comprises a protease inhibitor and which diminishes the ability of the blood 
to coagulate. In addition to this, the novel protease can also be used to identify physiological or non-physiological fRC- 

IS tors, such as synthetic peptides, which impair blood clotting because of their protease-inhibrting effect The peptide 
sequences off the chromogenic substrates which are transformed particularly efficiently, such as those of the S 2288 
(see above for details), can be used as a structural basis for this. The addition of suitable inhibitors to dotting prepara- 
tions, or during their preparation, can be necessary if ttiese preparations are to be free of proteolytic activities. 
[0036] Surprisingly, a property has now been found, in association with characterizing the protease further, which 

20 opens up the possibility of an additional use for the so-called "factor VII activator protease. When single chain plas- 
minogen activators such as prourokinase (single chain urokinase, scuPA. single chain urokinase plasminogen activa- 
tor) or sctPA (single chain tissue plasminogen activator) are inodbated. the lactor VII activator brings about activation 
of these plasminogen activators (PA). In this oonnectfon. there is a linruted proteolysis of the single chain PAs, resulting 
in the fomnation of double chain proteases, whfoh are particulariy suit^e for activating plasminogen. The resulting 

25 plasmin is the effector of fibrinolysis, that is the physiological system which ts responsible tor dissolving ttirombi. PAs. 
such as prourokinase or tPA. are endogenous proteins which are released when needed and which, as is known, are 
activated by plasmin or by kallikrein (scuPA). The mechanism ty which scuPA is activated in the healthy state has not 
yet been fully darif ied. 

[0037] The plasminogen activators are employed therapeutically, as isolated or recombinantiy prepared proteins, in 
30 pharmaceutical preparations in assodatfon with throrvtx)embdic diseases or complications, such as in leg vein tiirom- 
bosis. cardiac intarction or strokes. 

[0038] In accordance with the properties of the 'tactor VII activator" which have now been found, the latter can be 
used for in vivo or ex vivo activation of plasminogen activators such as prourokinase or sctPA. This activity can also be 
applied by using said protease for the prophylaxis or therapy of thromboembolic diseases, specifically in combination 

35 witii single chain or double chain plasminogen activators or anticoagulants as well. This possible use is not contracfic- 
tory to tiie tact that the protease is also able to act in a procoagulatory manner. The question of v^ich of the two reac- 
tions predominates is probably resolved by the availability of the physidogical substrates. According to the current state 
of knowledge, factor VII is activated moderately in plasma and continuously maintains a certain concentration of FVIIa 
in order to be able to counteract immediately any sudden vascular damaga On the other hand, only nanogram quanti- 

40 ties of tissue plasminogen activator and urokinase plasminogen activator are present in a milliliter of blood plasma. It is 
only when f brin deposition or thrombi occur that there is an increase in the concentration, by secretion or synthesis, of 
plasminogen activators, which then display their thrombdytic activity by activating plasminogen after they have been 
activated locally, in particular when bound to the thrombus. When single-chain PAs are present, particulariy in a locally 
restricted manner, their activation might outweigh FVII activation, thereby making it possible to adjust to the physiofog- 

45 ical situation. Accordingly, this protease might also regulate hemostasis. ttiereby indicating a replacement with the pro- 
tease and/or the proenzyme in the case of intx>m arxi acquired deficiency states. 

[0039] Another part of the subject matter of the invention is therefore a pharmaceutical preparation which comprises 
a quantity of ttie blood dotting factor Vll-ectivating protease and/or its proenzyme form which is suffk:tent for dissolving 
fibrin-containing tiiroirM. This preparation may additionally comprise single chain plasminogen activators (PA) and^or 
50 anticoagulants. When the proenzyme is present it is advantageous to comprise a suitable activating agent within or 
together with the pharmaceutical preparation atxsve. 

[0040] Since it has been found that the plasminogen activator-reinforcing effect of the "FVII activator** is particulariy 
promoted k>y cafoium and/or heparin and heparin-like substances such as dextran sulfate, pharmaceutical preparations 
whfoh additionally comprise soluble caldum salts and/br heparin or heparin-like substances may particulariy advanta- 
55 geously be employed for dissolving, in accordance with tine invention, fibrin-containing thrombi. In this context, the pro- 
tease/l^roenzyme can be employed on its own or in combination with single chain or double chain plasminogen 
activators with or without sutDstances which exhfoit particular affinities for the protease and thereby increase its activity 
as carrier substances for profonging plasma half life a as mediators to surfaces. 
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[0041] Pharmaceutical preparations which comprise the blood clotting factor Vll-activating protease can, because of 
its special fibrinolytic effect be employed for treating diseases which are caused by f brin-containing thrombi. Fit)rino- 
lytic processes are also involved in wound healing processes. In this connection, said protease and/or proenzyme can 
be administered intravenously or locally, subcutaneously, intradermally or intramuscularly, or else topically in the case 

5 of injuries and wounds, or bound to a suitable carrier matrix. Both protease/|[>roenzyme which has been isolated from 
body fluids such as blood or plasma and protease/jxoenzyme which has been prepared recombinants or transgenically 
can be empbyed in this context The protease/|[)roenzyme is also suitable for use as a component of a so-called fibrin 
adhesive, which should not then contain any substance, such as aprotinin, which inhibits the protease^roenzyme. In 
this case, use can be made of the dotting-shortening properties of the protease. 

10 [0042] The protease/jaroenzyme above may be used for inherited or acquired hemostasis defidendes. in (diffuse) 
bleeding occurendes respective thrombosis associated oomplicafbns. If used to treat bleeding the combination of pro- 
tea8e4>roenzyme together with F VIM optionally under addition of further clotting fectors is advantageous. 

4. Process for pasteurizing the FVIkactivating protease 

15 

[0043] As a protein which has been isolated from human plasma, the novel protease and/or its proenzyme can only 
be employed as a pharmaceutical preparation if it has prevlixisly been subijected to a process for inactivating viruses. 
The pasteurization process Is in partteular recognized as being the most important process for inactivating vimses. 
However, heating at about 60^0 for up to 10 hours reqinres the protein vi^ich is to be treated to be of adequate lability. 

20 The optimal stabilizers have to be determined separately for each protein and their concentrations have to be optimized. 
[0044] In the case of the novel protease and/or its proenzyme, conditions which stabilize the protein in solution, with- 
out any pasteurization being perfomned, have already been mentioned abova In this regard, a slightly acidic pH range 
has in particular proved to be advantageous. However, when a pasteurization is cam 
novel protease and/or its proenzyme as a rule loses more than 50% of its original activrty. 

2!5 [0045] It has now been found that a pasteurization of a pharmaceutical preparation comprising the novel protease 
and/or its proenzyme ensures optimal stabilization results if the preparation is prepared 

a) in a pH range of from 3.5 to 8.0. preferably in a pH range of from 4.0 to 6.8; 

b) in the added presence of one or more amino adds in a quantity of more than 0.01 md/l. preferably more than 
30 0.05 woW, and/or 

c) in the added presence of a sugar or of a combinatbn of different sugars having a total concentration of more than 
0.05 g/ml, preferably wore than 0.2 gAnl; and/a 

d) in the added presence of one or more substances which are able to complex caldum ions, such as citrate, 
oxalate, ethylenedtamine tetraacetic add, etc. 

35 

[0046] Additives such as albumin, Haemaccel®, heparin and heparinoids, glycerol, glycd and polyetiiytene glycol, 
may also be used separately or mixed together. After the pasteurization has been completed, the sugars, amino adds 
and other additives which have been added as stabilizers can be decreased, or renxived completely from the prepara- 
tion, using methods with which the skilled person is familiar. The results of the pasteurization processes are given in 
40 Examples 12 and 13. 

Example 1 

[0O47] The Stadof® FVIla-rTF test system (Stago/Boehringer Mannheim) was used for demonstrating activation of 
45 FVIl by the prepared protease. This detection system is based on the particular property of (recombinant) soluble tissue 
factor (rTf=) which is only able to use the preformed activated FVIl (FVIIa) for initiating the extrinsic clotting pathway In 
contrast to the situation when complete tissue factor is used, this makes it possible to determine the real content of 
FVIIa predsely. 

[0048] Isolated FVIl (Enzyme Research Labs) was used for the activation experiments. This FVIl itself contains traces 
so of FVIIa since it is isolated from human plasma. The concentration was adjusted to 0.05 lU of FVII/ml by diluting witii 

buffer. The FVIl was incubated at room temperature fbrlO min with the test substances and then tested for the true 

FVIIa content The FVIIa contents were quantified using a reference curve which was constructed in parallel. 

[0049] It was ascertained in preliminary experiments, which are not desaibed here, that while, in the concentration 

employed, aprotinin completely inhibited the activity of the prepared protease, it had no direct effect on the FVIIa nor 
55 any significant effect on the FVI la-rTF test system. 

[0050] The results given bek>w relate in each case to triplicate determinations. 

[0051] The fblkiwing experimental assays were accordingly set up: 
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1. FVII: 

Resun:10iTilUofFVIIaAml 

5 [0052] Non-activated FVil was used as the oontrol ass^. This already contains traces of FVIIa (see above) in the 
order of magnitude of 10 mlU of FVIIaAnl. 

2. FVII + aproUnln: 

10 [0053] In this assay, FVII was incut>ated in the presence of aprotinin and used in the FVIla-rTF assay in order to dem- 
onstrate that FVIla itself was not inhibited, and nor was the test affected by the aprotinin employed. This was conf imned 
(in comparison with assay 1). 

3. Protease -i- FVII (IncubationX followed by the addition of aprotinin: 

15 

Result: 18 mlU of FVIIa/lmi 

[0054] In this case, the protease w^ given time to activate FVIIa. Aprotinin was only added, in order to inhibit the 
protease, after the 10-minute incubation had taken place. The resulting FVIIa was quantified in the FVIIa-rTF assay 
20 Subtracting the FVI la base value (assay 1), 8 mlU of FVIIaAnI have therefore been formed by the action of the protease 
under the chosen conditions. 

4. Protease + aprotinin, followed by the addition of FVII 

25 Result: 1 1 nniU of FVIIa/imI 

[0055] In this assay, the protease was inhibited with aprotinin before contact with FVII. Neither the subsequent incu- 
bation with FVII, nor the following FVIIa quantification led to any significant increase in the FVIIa content (because of 
the range of variation in the assay. 1 1 versus 10 mlUMil in assay 1 is not to be regarded as being significant). 

30 

5. Protease 

Result: 0 mlU of FVIIa/knl 

35 [0056] This assay demonstrated that, at the concentration selected, the protease did not itself have any effect on the 
FVIIa-rTF test system. 

[0057] In summary, it follows from the atxive that 

- the described protease activates FVII; 

40 

- the activation of FVII by the protease takes place "directly", that is independently of the presence of rJF; 

- the activation of FVil can be inhibited by aprotinin; at the concentration selected, aprotinin itself does not have any 
significant influence on the test system. 

45 

Example 2 

[0058] This example desaibes how FVII is activated in a reaction which is dependent on the concentration of the pro- 
tease and on the time over whk;h the protease is incubated with FVII. 
so [0059] Test systems and reagents were selected to correspond with the conditions desaibed in Example 1 . In a first 
series of experiments, the initally introduced FVII was preincut)ated with different dilutions (1 :5, 1 :10 and 1 :20) of the 
protease-containing solutions (5 min at RT), then treated with aprotinin (to inhibit the protease) and subsequenfly tested 
for its content of FVIIa in the FVIIa-rTF assay. 

[0060] Once again, the parallel s^says. in which the protease had been inhibited by aprotinin before contact with FVII. 
55 sensed as control assays. 

[0061] The results are given as activation factors, i.a correspond to x times the value which was measured in the 
abovementioned control assay: 
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Assay 


Control 


Protease -i-FVII 
Incubation 

+ Aprotinin 


Protease + aprotinin 
lncut>ation 

+ FVII 



20 



Dilution of the protease 


Activation factor 


solutbn 






VJ5 


2.6 


1.0 


1:10 


2.0 


1.0 


120 


1.6 


1.0 



[P0621 The activation factor 1 lO of the control ass^ corresponds to the control, which was additionally included and 
in which only the test txjffer, containing the FVII employed^ was treated under identical lncid>ation conditions and tested. 
25 That is, no significant activation took place in the control assays. 

[0063] It follows from this that FVII is activated by the protease in a manner which is dependent on tiie concentration 
of the proteasa 

[0064] It was similarly demonstrated that, when the concentrations of the coreactants are kept oonsiant the FVII is 
activated by the protease In a manner which is dependent on the length of the incubation. 
30 When equal volumes of a solution containing 0.2 lU of FVII/ml and a 1:10<diluted protease solution were incubated 
together, ttie following contents of FVIIa were obtained after incubating for the relevant times and subsequentiy adding 
aprotinin (in order to stop the activation): 



35 



40 



Lengtti of incut>ation 


Activation factor 


Omin 


1.0 


2.5 min 


1.3 


5.0 min 


2.0 


lO.Omin 


2.8 


40.0 min 


>3.8 



45 

[0065] It follows from this that FVII is activated by ttie protease in a time-dependent manner. 
Example 3 

50 [0066] Using ttiis example, it will be demonstrated ttiat activation of FVII by the protease is increased in ttie presence 
of cateium bns and heparin. 

[P067] 25^1 of ttie protease-containing solution were mixed witti 50^1 of 

- buffer (control) 
55 - 15mMCaCl2 

- 50 USP units of heparinAnI 

- Pattiromtin (lipid mixture, aliquot dissolved in accordance witti ttie manufacturer's instructions) 
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at room temperature for 5 min. and ttien treated with 150 ^ of a tris/NaCl buffer solution (pH 8.2) and 25 |il of the chro* 
mogenic sutsstrate S2288 (3 mM); the time-dependent change in the extinction at 405 nm was then measured (at 
37*'C). The activation factors, related to the buffer control (x times), are given in the following table. 



5 





Assays 


Activation factor (x 
times buffer control) 


10 


Buffer control 


1.0 


+ CaCi2 


3.6 




-I- Heparin 


2.6 




•i-Upid 


0.9 


IS 


-1- CaCl2 + heparin 


4.3 




+ CaCl2-i-lijpid 


3.3 




+ Heparin + lipid 


2.7 


20 


•f CaCl2 heparin + lipid 


3.7 



[0068] Under the conditions used In tiiis example, marked increases in the activity of the protease can be observed 
in the presence off calcium ions and/or heparin. 

25 Example 4 

[0069] In each case, 25 ^i of a solution, containing 10, 1 or 0.1 ^g of protease/hil, were mixed with 25 |il of FVIII (2 
lUMU), after which 25 ^i of CaCIa (25 mM) and 25 |J of Pathromtin® (Dade Behring GmbH) were added. After incubat- 
ing at ZT*C for 0, 3. 10 and 20 min, the reaction was stopped by adding 400 ^ of aprotinin (500 KlUAng). A sample in 

30 which aprotinin was introduced initially served as a control. 

[0070] Each sample was diluted in tris-buffer/BSA In each case. 50 ^1 of this solution were mixed with 50 ^1 of the 
factor reagent (essentially composed of FIXa, FX and a thrombin inhibitor, appropriately modified in accordance with 
the Coamatic® FVIII test. Chromogenix AB) and incubated at 3T*C for 10 min. After 50 |xl of substrate (ag. S 2765, N- 
a-Cbo-D-Arg-Gly-Arg-pNA) had been added, the reaction was stopped after a predetermined period of incubation by 

35 adding 50 ^ of acetic acid (50%), and ttie O0405nm was then measured. A standard curve for FVIII was used for deter- 
mining the concentration in the sample. 

Results: 

40 [0071 ] In a first assay, the time for which the protease was incuk>ated with FVl II (2 lUAnQ was kept constant (1 0 min) 
but the concentration of the protease was varied (0.1 . 1 and 10 pg/ml). The reaction was stepped and the residual con- 
centration of active FVIII was detenmined. As the protease concentration increased, con-espondingly more FVIII was 
inactivated (Rgure 1). 

[0072] The protease content of a sample can be quantified using an appropriate standard curva 
45 [0073] In a second assay, the concentration of the protease was kept constant (10 ^g/ml) but ttie time of incubation 
witti FVIII (2 lU/ml) was varied. A marked reduction in ttie reskfual concentration of active FVIII was seen as ttie lengtti 
of incubation increased (Figure 2). 

Examples 

so 

[0074] The influence of the "FVl I activator on the activity of factor V was investigated: 

[0075] 25 ^ of protease-containing solution (0-100 ^gAnQ were incubated with 50 ^1 of FV (5 lUAnl) and 25 fil of 25 
mM CaCl2 (0-20 min) and. after ttiat 400 iil of buffer containing 100 Kill of aprotininAnl were added. 
[0076] In each case, 100 pi of each incubation assay were ttien incubated with 100 pi of FV-deficient plasma at 37^0 
55 for 1 min. after which 200 ^1 of Thromborel S® were mixed in and the ctotting times were detemnlned in a Schnitger and 
Gross coagulometer. TTie residual activities of FV were determined. 
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[0077] 



Protease concentra- 
tion Oig/ml) 


Residual FV activity Time for 
whicti protease incul)ated 
wittiFV(min) 




0 


10 


20 


10 


93 


91 


100 


30 


100 


93 


28 


100 


100 


29 


13 



[0078] lYvs exanrple denranstrates that FV was inactivated by the protease ever time. 
20 Examples 

[0079] TTie influence of the "FVII activator" on clotting times in so-called global tests was investigated using Schnitger 
and Gross coagulometers. All the difference values listed correspond to the clotting times which were shortened t>y this 
amount 

2S 

NAPTT (non-activated partial thromboplastin time) 

[0080] The proteas&containing solution was diluted with buffer down to 10 and 3 iigMil. 100 ^l of each of 

these solutions were incubated, at ST'C for 2 min, with 100 ^1 of citrate plasma (standard human plasma pool or indi- 
30 vidua! donors) and 1 00 ^1 of Pathromtin®. after which 1 00 ^1 of 25 mM CaCl2 were added; the clotting times were then 
determined. The differences between these measured values and the corresponding dotting times otytained with buffer 
solution instead of the protease were determined. 



Sample No. 


Clotting time differences (buffer minus 
sample) (sec) Protease concentration 

(jiO/ml) 




0 


3 


10 


30 


100 


Standard human plasma 
(213 sec) 


0 


13 


20 


42 


43 


1 


0 


20 


33 


42 


41 


2 


0 


27 


31 


45 


47 


3 


0 


13 


14 


23 


29 


4 


0 


18 


37 


51 


50 


5 


0 


25 


49 


54 


46 



[0081] The addition of FVIInacttvator resulted in a concentration dependent shortening of NAPTT. 
Plasma recalcification time 

ss 

[0082] The protease-containing solution was diluted with txjffer down to 100, 30, 10 arxl 3 ^9/^* 100 ^1 of each of 
these solutions were Incubated with 100 ^ of citrate plasma (standard human plasma pool or Individual donors) at 37<*C 
for 1 min. after which 100 ^1 of 25 mM Caa2 were added: the clotting times were ttien determined. The differences 
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between these measured values and the corresponding clotting times obtained with buffer solution instead of protease 
weredetemilned. 



5 



oampie no. 


Clotting time differences (buffer minus 
sample) (sec) Protease conoentFation 
Oig/ml) 




0 


3 




30 


100 


Standard human plasma 
(283 sec) 


0 


17.2 


15.1 


30.5 


50.4 


1 


0 


29.8 


51.7 


60.3 


90.1 


2 


0 


25.2 


51.7 


69.5 


101.3 


3 


0 


28.0 




39.0 


74.6 


4 


0 


27.3 


42.7 


55.6 


91.8 


5 


0 


44.3 


69.1 


101.2 


134.2 



PT(prothombintime) 

[0083] The protease-containing solution was diluted with buffer down to 100. 30. 10 and 3 iigAnl. 100 |il of each of 
25 these solutions were incubated with 1 00 pi of citrate plasma (standard human plasma pool or individual donors) at 37^0 
for 1 min, after which 200 ^1 of Thromborel S® (Dade Behring (Bmbl-I) were added; the clotting times were then deter- 
mined. 

[0084] The differences between these measured values and the corresponding clotting times obtained with buffer 
solution instead of protease were detemiined. 

30 



Sample No 


Clotting time differences (buffer minus 
sample) (sec) Protease concentration 

Oig/ml) 




0 


3 


10 


30 


100 


Standard human plasma 
(13.6 sec) 


0 


1.0 


1.7 


1.5 


2.4 


1 


0 


0.7 


1.3 


2.4 


2.7 


2 


0 


0.3 


0.4 


1.7 


3.1 


3 


0 


0.4 


0.7 


1.5 


1.8 


4 


0 


0.1 


0.7 


1.8 


3.1 


5 


0 


0.3 


0.5 


1.2 


2.8 



[0085] The clotting times in the above £|lobal tests were shortened in a manner which was dependent on the concen- 
so tration of the protease. In a corresponding manner, it was possible, after "calibrating" a plasma which was used with a 
known quantity of the "FVII activator", to determine the protease concentration in a sanple by reading off from a stand- 
ard curve. 



Example? 

55 

[0086] The plasminogen activator-activating properties of the "FVIl activator" were investigated using single chain 
urokinase (scuPA) and single chain tPA (sctR^. 
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Assay: 
[0087] 

5 0.1 mi of PAsoliition(20|igQf scuPA/irnlor 100^gofsctPA/lnl) 
•f 0.1 ml of test buffer or 

100 U of heparin/ml in test txiffer a 
20 mM CaCl2 
+ 0.5 ml of test kxjffer 
10 + 0.1 nH of protease/sampje (increasing ooncentrations: 
2-10 \iQ of scuPA/ml or 
50-200 MO of sctPAMil) 

lncufc>ation at ST^'C 
IS -^0.1 miof lOOKIUofaprotininAnjintestbuffer 
lncLit>ation at 37^0 for 2 min 
0.1 ml of substrate S-2444 (3 mM) 

[0088] As a control, aprotinin was introduced inrtiaDy, instead of the plasminogen activator (PA), prior to the first incu- 
rs bation, and carried through in each case. In return, PA was not added until later, in place of the aprotinin. 

[0089] The Difference of the measurements (A) AOD405nm was determined photometrically. The control values which 
were obtained were subtracted from the sampl^otease values and in this way the PA activity which was caused by 
the PAA activity was determined (in mlUAnin). 

25 Results: 

scuRft activation (20 ua of scuPA/tfnl. 2-10 mQ of "FVII activator'Tifnl) 
A. Stimulant none 

30 

[0090] 



3S 


Incubation tinr 


le(min) 


Resulting PA activity (A 
miu/min) "FVII activator" 
(|ig/mQ 






2 


5 


10 


40 


2 




25 


60 


117 




5 




79 


179 


165 




10 




186 


449 


517 



45 

B. Stimulant: heparin 
[0091] 



so 



Incubation time (min) 


Resulting RA activity (A 
mlU/mIn) "FVII activator" 
(|ig/ml) 




2 


5 


10 


2 


190 


332 


425 
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(continued) 



Inf^iihsrtiAn tinriA fnnin^ 

IIIWUlMlUOn UIIRf 


Resulting PA activity (A 
mlU/mIn) "FVII activator 
big/mO 




2 


5 


10 


5 


330 


455 


458 


10 


417 


462 


460 



10 

C. Stimulant: CaCIa 
[0092] 

IS 



Incubation time (min) 


Resulting PA activity (A 
mlU/mln) "FVII activator** 
ftig/ml) 




2 


5 


10 


2 


255 


370 


401 


5 


338 


424 


438 


10 


416 


445 


448 



[0093] The tables illustrate the fact that scuPA was activated In a manner which was dependent on the concentration 
of the "FVII activator" and on the length of the incubation. At the same time, both heparin and calcium had a stimulatory 
30 effect on the activation of the PA which was txought about by the protease. 

sctPA activationflOO tio of sctRMnl. 50-200 uq of "FVII activatoT/mn 

[0094] Since the tumover rate of the activated tPA only increases by a fector of 3-4 as compared with the tPA proen- 
35 zyme (while that of uPA Increases by a factor of 1000-1500). higher concentrations of the two ooreactants (see above) 
had to be selected in order to obtain an analyzat)le measurement signal. 



Inculiation time (min) 


Resulting PA activity (A 
mlUMn) "FVII activa- 
tor** (200 iigyimQ 


1 


10.2 


2 


16.8 


5 


38.8 


10 


60.2 


20 


73.3 



55 
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B. Dependence on the concentration of the "FVII activator" (incut)ation time: 20 min, at 37°C]. stimulant: heparin (100 
lUAni) 

[0095] 



"FVII activator" (pg/ml) 


PA activity (^mlU/mln) 


50 


33.6 


100 


51.0 


200 


71.9 



T5 C. SSmulants (period of incubalion: 20 min, at 37°C) 
PM196] 



Stimulant 


PA activity mlUAnin) 


None 


5.9 


CaCl2 


25.3 


Heparin 


63.8 



[0097] Ttie tat)les demonstrate that sctPA was also activated in a manner which was dependent on the concentration 
of the protease and on the incut>ation time. Both heparin and caldum ions had a stimulatory effect on the PA-activating 
30 at)ilHy of the 'FVII activator. 

Examples 

[0098] Two FVIII-containing solutions, one of which was essentially free of von Wiltebrand Factor while the other con- 
3S tained vWF, were incut>ated with the atx>vementioned protease in the presence of calcium. After predetermined times, 
the residual FVIII activities were determined by means of a chromogenic test and related to the control ass^ without 
protease. 

[0099] For this, 25 m1 of a solution containing 0.1 lU of FVIII/ml were treated with the same volume of the protease 
solution (10 ^g/mQ and the whole w^ mixed with 25 pi of CaCl2 (25 mM). After incubation periods of 0. 5. 10 and 20 

40 min at 37^0, the assays were in each case treated with 400 pJ of a solution containing 200 KlU of aprotinin/ml in order 
to stop the proteolytic activity of the protease. Preliminary experiments had shown that this concentration of aprotinin 
had no significant interfering effect on the FVIil activity test desabed below (assays 1 + 3). In assay 2, the protease 
was incubated with aprotinin prior to contact with FVllI, after which the procedure was as described atxive. 
[0100] In each case, 50 pi of the stopped sample (or after further dilution) were then treated with the so-called toctor 

45 reagent, essentially composed of FIXa. and a thrombin inhibitor, and incubated at 37*»C for 10 min. Following the 
addition of 50 (J of a chromogenic substrate which is deaved by activated FX, the reaction was stopped after 5 minutes 
of Incubation by adding 50 of acetic add (50%); the AOD405nm was then measured. The FVIII activity (mlU) was 
ascertained with the aid of a standard cun^e which was constructed using a dilution series which was prepared from the 
FVIII concentrate and which was induded in the test 

so [D101] The FVIII activities are given in percentages of the controls to which protease was not added. 
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[0102] 

5 





FVIII activity (%) 


Assay 


lncut)ation period (min) 




0 


5 


10 


20 


1.FVIII 


97 


27 


11 


<1 


2. FVIIl/aprotinin 


98 


97 


97 


96 


3. FVIII>VWF 


98 


16 


14 


1 



[0103] In the presence of CaCl2 (in this case 6^5 mM). FVIII was inactivated by the protease in a manner which was 
dependent on the length of the incut>ation. The vWF did not protect the FVIII from Inactivation by the proteasa Inhibition 
of the protease with aprotinin prior to contact with FVIII prevented the latter from being inactivated. 

20 

Examples 

[0104] This experimental series was carried out as described in example 1/assay 1 , but in this case the concentrations 
of caldum in the mixtures of protease and FVIII were varied. For this, CaCIa was added, from the stock solution of cal- 
25 dum, up to the final concentrations shown in Rgure 3. 

Results: 

[0105] If the concentration of calcium in the assay is decreased below 1 mM, approx. 50% of the FVIII is then spared 
30 under these conditions. Below 0.5 mM calcium, the percentage spared is nruve than 60% (Fig. 1). 

Example 10 

[0106] The influence of the "FVII activator" on the clotting times in so-called global tests was investigated by means 
35 of thromboelastography. 

[0107] The change in the shear elasticity or tiie strengtti of the relevant blood clot was recorded continuously using a 
Hilgard TEG meter (from Hellige). The so-called r and k values are, respectively, the times from the beginning of blood 
withdrawal and from the start of the clotting reaction, and, in the case of citrate blood plasma, tiie time of recaldf ication 
until the TEG curve has been t>roadened by 1 mm and the time from the endpoint of the r value until the curve has been 
40 t>roadened to 20 mm (clot Ibmiation time). 

[0108] For this, aliquots of 150 ^1 of t)lood or plasma from 5 donors were in each case incubated in the measuring 
cuvettes at 37^0 for 2 min. after which 50 of sample (protease) were mixed in. The reaction was started by adding 
1 00 Ml of 25 mM CaCl2. The final concentration of tiie "FVII activator" in tiie assay was 15 pg/hnl. The shortening of tiie 
r time was measured in relation to Ifie assay which contained buffer instead of the sampla 

45 
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[0109] 
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Plasma No. 


Sample 


rtime(min) 
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Protease 
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Buffer 


11.3 
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12.5 
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[0110] This exairple makes dear that tn almost all cases, addition of tfie protease resulted in a marked shortening 
45 of Ihe clotting time. In tfiis present instance, the fibrinolytic properties of the "FVII activator" receded into the t>ack- 
ground. A reason for this is that in "normal sut)jects''. tfie concentrations of plasminogen activator in tfie plasma lie in 
the nanogram region and do not have any effect in the in-vitro ctotting test. 



Example 11 

so 

[01 1 1 ] The FVIII-bypassing activity of the protease was demonstrated by the follcwing experimental assay: throrrtoe- 
lastography was used as the measuring technique. The r time was evaluated (see Example 10). A sample of whole 
blood was Incubated with a monock>nal antibody, whose FVIIl-activity-inhibiting properties were known, in order to sim- 
ulate the presence of a naturally occurring FVlll inhibitor (antibody against FVIII). This sample was corrpared with the 
ss whole blood sanple control (buffer instead of Mab). The FEIB activity of the protease was tested by adding the protease 
(final concentratk)n 1 7 ^gAnl) to tiie whole blood sarrple which had been inhibited by the Mab. Protease was added to 
a further sample, and the effect of the protease, on its own. on the r time vwas determined. 
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Results: 
[01121 
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IS 

[01 1 3] The lengthening of the r time, caused by the anti-FVlll niAb^ was nonnalized once again by the presence of 
the protease, thereby Illustrating the FEIB activity of the proteasa On its owa the protease shortened the clotting time, 
as alreacly demonstrated abcva 

20 Example 12 

[0114] The follOMflng suk)stances were added to a solution, which contained 50 ^g of the FVII-activating protease/ ml, 
to give the corresponding final concentrations: 

2ff 25 mM Na citrate 
25mMHEPES 
100 mM arginine 
0.75gofsucrose/ifTil 

30 [01 1 5] The solution was dvided into portions and the aliquols were In each case adjusted to different pH values of 
from 5.0 to 8.6 and then heated at eo^'C for 10 hours. 

[01 1 6] The activities of the heated protease solutions were determined in a chromogenic test, with the time-depend- 
ent amidolysis of the chromogenic substrate S2288 (KhD-lle-Pro-Arg-pHA x 2 HQ. Chromogenix AB, Sweden) being 
recorded. This activity was expressed as a percentage of the aliquols which were unhealed and were measured in par- 
as allel: 

Results: 

[0117] 
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[0118] This series of experiments makes dear that the stabilization, particularly In the add pH range, has nr)arked}y 
reduced the inactivation of the protease. The slight l>reakthrough" at pH 5.5 can be explained by the fact that the iso- 
electric pdnt of the protease is in this range. Na citrate prevents a loss of activity of > 50% occurring in the preferred pH 
range. 

5 

Example 13 

[0119] Tlie assay at pH 6.1 (Example 1) shewed the best stabilization of the protease. Accoidingly, different additives 
were tested at pH 6.0 and evaluated as descrbed in Example 1 : 
10 [0120] The following final concentratk>ns were set. with the concentration^ 

50 mM Na cHrate/SO mM Naa, pH 6.0 
0.75 g of sucroseAnI 
100 mM glycine 
IS lOOmMarginine 

Results: 

[0121] 

20 



Assay 


Activity (%) 


Starting material 


100 


Na citrate/NaCl 


54 


Na dtrate/NaCI/sucrose 


85 


Na dtrate^CI/suaose/glydne 


92 


Na dtrate/NaCI/bucrose/arginine 


97 



[0122] Marked stabilization of ttie protease was demonstrated by adding sucrose and in each case one amino add. 
35 Claims 

1 . A protease for activating ttie blood dotting factor VII, which 

a) is inhitxted by ttie presence of aprotinin. 

40 

b) is increased in its activity by caldum ions and/or heparin or heparin-related sut)stances and 

c) In SDS-PA3E. on subsequent staining in ttie non-reduced state, has one or more bands in ttie molecular 
weight range from 50 to 75 kOa and in the reduced state has a band at 40 to 55 kDa and one or more bands 

45 in ttie molecular weight range from 10 to 35 kDa. 

2. The protease as claimed in daim 1 , wherein the band ot>tained in SDS-PAGE in ttie reduced state in the molecular 
weight range from 60 to 65 kDa and from 40 to 55 kDa has an amino add sequence of LLESLDP and ttie band 
obtained in ttie molecular weight range from 10 to 35 kDa has an amino add sequence of lYQGFKSTAGK. 

so 

3. The protease as claimed in daims 1 and 2, which is obtained by fractionation of blood plasma or of prothrombin 
complex (PPSB) concentrates. 

4. A proenzyme of the protease as claimed m daims 1 to 3. whk:h in SDS-PAGE in the reduced state has a band in 
55 the molecular weight range between 60 and 65 kDa and contains ttie amino add sequences LLESLDP and lYQ- 
GFKSTAGK. 

5. A process for obtaining or removing ttie protease of daim 1 to 3 or proenzyme of daim 4 as claimed. wNch com- 
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prises obtaining it from blood plasnia or prothrombin (PPSB) concentrates after prior anion exchange chromatog- 
raphy by means of affinity chromatography using heparin or a substance related to heparin or dextran suKata 

6. A reagent for the immunological detection of the protease of claims 1 to 3 or the proenzyme of daim 4, which con- 
tains a polyclonal or monoclonal antibody against the protease or proenzyme. 

7. A reagent for diagnostic/Emalytical purposes, which contains the protease of daims 1 to 3 and/br the proenzyme of 
daim 4. optionally together with activities of the proenzyme. 

8. A reagent for the detection of factor VII, which contains the protease/l^roenzyme of claims 1 to 4. optionally together 
with protease activity enhandng compounds. 

9. A test system for the qualitative and quantitative detection of a protease as claimed in daim 1 or of its proenzynie 
as claimed in daim 4. wherein the protease is measured by means of 

a) Hs activity inactivating the blood dotting factors Vlll/Vllla or VA^a or 

b) Hs activity redudng the blood clotting times in global dotting tests or 

c) Its activity activating plasminogen activators 

d) Hs activity activating FVII. 

10. The test system as claimed in daim 9. wherein ttie activity redudng ttie blood dotting times is determined by 
means of the 

a) non-activated partial thromboplastin time (NAPTT) or of ttie 

b) prothrombin time (PT) or of the 

c) plasma recalcif ication time or of the 

d) activated partial thromboplastin time (APTT). 

11. The test system as daimed in claims 9 and 10, wherein the activity activating andADr potentiating ttie plasminogen 
activators is measured by the activation of the 

a) sin^e chain urokinase PA (scuPA. single chain urokinase plasminogen activator) or of tiie 

b) single chain tPA (sctPA, single chain tissue plasminogen activata). 

12. The test system as daimed in daims 9 to 11, which contains caldum ions in an amount of more ttian 0.001 mM, 
preferably in an amount off more than 0.005 mM. 

1 3. An assay system where ttie protease and/or a mixture of the proenzyme and appropriate proenzyme activators are 
used to test the prothrombin time substituting tissue factorAhromboplastin. 

14. An assay system where the protease and/br a mixture of the proenzyme an appropriate proenzyme activators are 
used to test the functionality of plasminogen activators and for quantification of ttie single chain plasminogen acti- 
vator forms. 

15. The test system as daimed in daims 9 to 14, wherein the activity potentiating the plasminogen activators 

a) is measured using a chronx3genk: test or 

b) in a coupled reaction in the presence of plasminogen, the plasmin formation Hself or the dissolution of a 
f ik)rin dot brought about by plasmin being determined. 

16. A stabilized factor V and stabilized factor Vlll preparation, which is free of ttie inactive factor VIII and factor V frag- 
ments formed due to proteolytic degradation as a result of ttie inhibition of ttie protease activating ttie blood dotting 
factor Vli. 

17. The stabilized preparation as claimed in daim 16. wherein, for ttie inhbition of the protease activating ttie blood 
dotting factor VII. the concentration off cafoium fons in ttie factor Vlll or in ttie factor V preparation is less ttian 1 .0 
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mM, preferably less than 0.5 mM. 

18. The stabilized preparation as claimed in daim 1 7. wherein the FVIll- or or FV-containing solution has been brought 
into contact with InvnobiGzed heparin, immobilized heparin-like substances or immobilized dextran suHate and as 
a result a solution which is completely or partially freed of protease/kmenzyme has been obtained. 

19. The stabilized preparation as claimed in claims 17 and 1% which is protected against the proteolytic degradation 
t^jf the protease activating the blood clotting factor VII by the addition of a natural or synthetic protease inhibitor. 

20. A stabilized solution of the protease or of the proenzyn^e as claimed in claims 1 to 4, which is adjusted to a pH of 
4.0 to 9.0 by addition of a buffer and/or contains ethylene glycol or glycerol in an amount of 5-80% by weight. 

21. A pharmaceutical preparation, which contains an amount of the protease activating the blood clotting factor VII, 
and/or its proenzyme, adequate for the dissolution of fibrin-containing thrombi. 

22. The pharmaceutical preparation as claimed in daim 21 , which, apart from the protease activating the blood dotting 
factor Vli, and/br its proenzyme; contains single chain or two chain plasimiogen activators (PA) andAnr anticoagu- 
lants. 

23. The pharmaceutical preparation as daimed in claims 21 and 22, which additionally contains sduble caldum salts 
and/or heparin or heparin-like sut)stances. 

24. A pharmaceutical preparation for decreasing the coagulability of the blood, which contains a protease inhibitor such 
as aprotinin and/or Clnnhibrtor and/or a2-Antiplasmin and/or Inter-a-Trypdn-lnhibitor and/or AT lll/heparin for the 
inhibition of the protease and/or its proenzyme as daimed in dcums 1 to 4. 

25. A process tor the production of a pharmaceutical preparation comprising the protease cmd/br tfie proenzyme as 
claimed in claims 1-4, which comprises preparing the preparation 

a) in a pH range from 3.5 to &0 

b) with addition of one or more amino adds in an amount of > 0.01 mol/l and/or 

c) with addition of a sugar or a combination of a nurnber of sugars in a total arnount of > 0.0^ 

d) with addition of one or nme substances which are able to complex caldum ions 
under pasteurization conditions. 

26. A pharmaceutical preparation, which is obtainable by ttie process as claimed in daim 25. 

27. The use of the protease or Hs proenzyme, optionally together with proenzyme activators prepared from blood 
plasma or prothrombin complex (PPSB) concentrates or expressed recombinantiy or transgenically, as daimed in 
claims 1 to 4, for ttie pronxition of wound healing and hemoslasis, as an additive of a f Sxin adhesive or fleece or 
ottier release system which is suitable for rapid wound dosure. based on f brin, for substitution in inborn or acquired 
defidency states of ttiis protease or its proenzyme, in the presence of antibodies against ttie blood dotting factor 
VIII or for the in vitro activation of factor VII. 



21 



EP0952215A2 



Abbildun q 1 




Proteose Konzentration (jjg/ml ) 



22 



EP0952215A2 



Abbildunq 2 

120 T 

100 ^» 




1 1 1 1 1 1 

0 5 10 15 20 25 

Zeit (min) 



23 



EP0952215A2 



AbbUduna 3 





100 n 








80 - 




70 - 


itdt 


60 - 


> 


50 - 


<c 


40- 




30 - 



20 - 
10- 
0 




0 



1 2 3 4 5 6 7 8 9 10 
Kolzium Konzentrotion (mM) 



24 



